During their synthesis, secretory and integral membrane proteins can be directly translocated across or inserted into membranes. In co-translational targeting, the signal recognition particle (SRP) recognizes a signal sequence in a newly synthesized protein as soon as it emerges from the ribosome [1] . The SRP is a ribonucleoprotein particle of variable composition with a conserved core formed by the SRP54 GTPase (termed Ffh in bacteria) and its cognate binding site on the SRP RNA. Subsequent interaction of the SRP with its receptor (SR), termed FtsY in prokaryotes, at the membrane allows for the transfer of the ribosome nascent chain complex to the translocation channel. After release of the ribosome nascent chain complex, the SRP and SR dissociate.
Two key requirements for productive protein translocation have to be coordinated: the presence of a signal sequence on the ribosome and the availability of a vacant translocation channel. Coordination is enabled by the synchronization of the two GTPases of the SRP and SR via the formation of a highly symmetric heterodimer [2, 3] . GTP binding to both the SRP and SR is a prerequisite for the formation of the SRP-SR complex in which GTP hydrolysis is activated in a composite active site. GTP hydrolysis was thought to be necessary for recycling of the SRP and SR, but not for protein targeting per se [4] . Recent work by Shan et al. [5] has now reported that, although GTP hydrolysis is not required for protein translocation, the molecular rearrangements in the SRP-SR complex that lead to GTPase activation are essential for this process [5] .
SRP GTPases form a unique family among the small G proteins, having only three members -the signal-sequence-binding protein SRP54/Ffh, the SRP receptor FtsY and FlhF, a protein involved in flagellar biosynthesis [6] . These proteins each contain an NG domain, which forms a structurally and functionally conserved unit. The G domain adopts the classical GTPase fold with five conserved elements (G1-G5) for nucleotide binding and hydrolysis [7] . A unique feature of the SRP GTPases is an a2b2a insertion (I-box) located between G2 and G3. Within the SRP-SR heterodimer, the G2 element and the adjacent helix a1a of the I-box (corresponding to the switch I region in small G proteins, termed the IBD loop by Shan et al. [5] ) become arrayed along one face of the bound nucleotide in the shared active site [2, 3] (Figure 1 ). Both G2 elements contribute an invariant arginine to the active site. Notably, the arrangement of the two arginines represents a break of symmetry within the highly symmetric heterodimer [2] . In SRP, the orientation of the arginine (Arg141, all residue numbering corresponds to the Escherichia coli proteins) with respect to the b2g phosphates of the nucleotide is similar to that of the arginine finger supplied by the GTPase-activating protein (GAP) in the Ras-RasGAP complex [8] . The corresponding arginine in FtsY (Arg333), however, is bent away from the active site and forms an additional hydrogen bond to a conserved glutamine (Gln339) in helix a1a. Both glutamines (Gln147 SRP , Gln339 FtsY ) form hydrogen bonds to water molecules of the octahedral Mg 2+ ion coordination sphere ( Figure 1) . Thus, the G2 element and the adjacent helix a1a of the I-box provide an important part of the catalytic machinery in the SRP-SR complex.
An important question in protein translocation concerns how premature GTP hydrolysis in the SRP-SR complex is prevented to ensure productive transfer of the ribosome nascent chain complex to the translocation channel. Previously, point mutational analysis of the interface of the SRP-SR heterodimer allowed for the classification of four different types of mutant: class I primarily affects SRP-SR complex formation; class II affects the reciprocal GTPase activation ('activation-defective'); class III is defective in both steps; and class IV blocks the activation of only one GTPase site in the complex [9] . In the current study, Shan et al. [5] investigate the effects of these mutants on protein translocation. In a heterologous, semiquantitative protein translocation assay [10] , a number of class II mutants showed severe defects. At a first glance, these observations contradict previous experiments showing that the non-hydrolysable GTP analogue GMPPNP can substitute for GTP and mediate a single round of protein translocation [4] . In the presence of GMPPNP, SRP and SR are trapped in a stable complex and cannot mediate subsequent rounds of protein targeting. The 'activationdefective' mutations map to the G2 element and helix a1a.
The most significant effects in the mutational analysis are observed for tryptophan mutants of Ala335 and Ala336 in FtsY (with a reduction in translocation efficiency of around fivefold) [5] . Both mutations might affect the environment of the Mg 2+ ion and/or the positioning of the G2 arginines within the composite active site of the SRP-SR heterodimer (Figure 1 ).
The alanine mutant of Arg333
FtsY does not show such a drastic effect (leads to a reduction in translocation efficiency of around twofold). Taken together, these experiments suggest that, after SRP-SR complex formation, a second step ('getting ready for activation') requires the precise alignment of the G2 element and the helix a1a and a properly coordinated Mg 2+ ion (as observed in the SRP-SR structures). Being ready for activation seems to be a prerequisite for the initiation of protein translocation because mutants that can form the SRP-SR complex but are compromised in GTPase activation show defects in protein translocation. Shan et al. [5] favour the idea that these class II mutants somehow block the cargo-unloading step, i.e. the release of the ribosome nascent chain complex from the SRP and its subsequent transfer to the translocon.
Recent advances in the characterization of SRP complexes representing different stages of protein targeting allow for the integration of these new results in a detailed, more structure-based scheme ( Figure 2 ). SRP is a flexible particle and rearranges upon interaction with the ribosome nascent chain complex using a conserved hinge region in the NG-M domain interface (step 1) [11, 12] . The presence of a signal sequence switches the SRP54 GTPase into its high-affinity state and prepares the complex containing the SRP and the nascent ribosome chain for interaction with the SR [13] . At the membrane, the SR is prepared for complex formation with the SRP by a specific interaction with membrane lipids [14, 15] and the translocation channel. SRP-SR complex formation changes the interaction between the SRP and the ribosome nascent chain, as indicated by a delocalization of the heterodimer (step 2) [16] . As a consequence, a transloconbinding site close to the ribosomal exit tunnel is exposed. In the absence of the translocation channel, however, the release of the signal sequence from SRP54 is blocked [17] . In the SRP-SR complex both GTPases are prepared for GTP hydrolysis and are awaiting the release of the ribosome nascent chain complex (step 3). How the GTPases sense the presence of a signal sequence and what triggers the transfer of the ribosome nascent chain complex to the translocation channel is not known at present (step 4). Here the SRP RNA enters the stage. In E. coli the 4.5S RNA stabilizes the SRP-SR complex and stimulates the GTPase activity of the SRP-SR complex [18, 19] . Doudna and co-workers showed that, in the absence of both the ribosome nascent chain complex and the translocation channel, the association of the SRP with its receptor triggers a conformational change that localizes the SRP RNA and the adjacent signal-sequencebinding site at the SRP-SR heterodimer interface [20] . They favour the idea that the conformational change occurs prior to release of the ribosome nascent chain complex and that only subtle perturbations in the SRP RNA (in the conserved tetra-loop) by the signal sequence might be necessary to inhibit GTP hydrolysis [18] . Upon release of the ribosome nascent chain complex, the close proximity of the RNA tetra-loop and the empty signal-sequence-binding site might be the signal for GTP hydrolysis (step 5).
The mutants analyzed by Shan et al. [5] , together with the effects of the SRP RNA [18, 20] , provide an attractive model for how the presence of the ribosome nascent chain complex could be communicated to the GTPase checkpoint of protein translocation. The formation of the correct SRP-SR GTPase interface is the prerequisite for proper alignment of the SRP RNA and might therefore be the premise for signal-sequence release and protein translocation. However, although we learned that activation of the SRP GTPases is crucial for efficient protein translocation, the molecular details of how this activation is triggered by the release of the signal sequence are still not known.
